BACKGROUND: Although the expectation is that weight gain increases mortality and weight loss among those overweight reduces mortality, results on weight gain and mortality in young adults are conflicting, and weight loss is less explored. We investigated the association between long-term weight change and all-cause mortality in a broad range of body mass index (BMI) in young men. METHODS: Among 362200 Danish draftees, examined between 1943 and 1977, all obese (BMI X31.0 kg m À 2 ; n ¼ 1930), and a random 1% sample of the others (n ¼ 3601) were identified at a mean age of 20 years (range: 18-25 years). All the obese and half the controls were re-examined between 4 and 40 years later (mean age 35 years). Weight changes were defined as: weight loss o À 0.1 kg m À 2 per year, weight stability within ±0.1 kg m À 2 per year and weight gain 40.1 kg m À 2 per year. Hazard ratios (HR) and 95% confidence intervals (CI) were estimated using Cox regression. RESULTS: Among the 908 obese and 1073 controls followed for 30 years after re-examination 220 and 232 died. HR of the weight stable obese was 2.32 (CI: 1.56-3.44) compared with the weight stable controls. In the obese cohort there was no association between weight loss, adjusted for initial BMI, and mortality (HR: 0.99; CI: 0.68-1.45) compared with weight stable obese. Too few controls lost weight to allow assessment of weight loss. Weight gain was associated with increased mortality in the obese (HR: 1.50; CI: 1.07-2.10) and controls (HR: 1.54; CI: 1.14-2.09) compared with weight stable obese and controls, respectively. Neither the time between the two examinations, life-style factors nor exclusion of diseased individuals influenced the results. CONCLUSIONS: Although there were increased mortality of the weight-stable obese compared with controls, there was no association between weight loss and mortality in the obese. Weight gain increased mortality regardless of the initial weight.
INTRODUCTION
It has long been recognized that a high body mass index (BMI, kg m À 2 ) is related to the occurrence of several diseases and increased mortality in middle-aged populations. [1] [2] [3] [4] Further, we have recently shown that entering adult life as obese increased the risk of a broad range of morbidities as well as mortality throughout adult life. 5, 6 In Western populations young adults usually gain weight during adulthood, and several, [7] [8] [9] although not all, 10, 11 studies have shown that weight gain from early to later adulthood leads to an increased all-cause mortality. The number of young obese individuals was, however, limited in these studies; [7] [8] [9] [10] [11] hence, it remains unclear whether additional weight gain in obese young men increases mortality further.
As a consequence of the adverse health effects of an increased BMI, overweight and obese individuals are encouraged to lose weight. 12 Despite the fact that weight loss is associated with improvement in metabolic and cardiovascular risk factor levels, [13] [14] [15] studies on weight loss and mortality have reported conflicting results. 16 A review and meta-analysis on 26 prospective studies, published up to 2008, found that weight loss may be beneficial in relation to all-cause mortality, but only in obese subjects with related co-morbidities. 17 There was no association between weight loss and mortality in healthy obese individuals, and weight loss was associated with an increased mortality in healthy normal or overweight individuals. 17 Underlying confounding by undetected diseases inducing both weight loss and increased mortality has commonly been proposed as the major reason for no beneficial effects or even increased mortality in epidemiological studies, although a combined detrimental effect of losing both lean body mass and possibly beneficial fat depots also has been proposed. 18, 19 Previous studies were conducted in middle-aged populations, 16, 17 therefore it remains to be elucidated whether these results also apply to young adults in whom disease confounding is less likely.
The aim of this study was to investigate the association between long-term weight change and all-cause mortality in a broad range of BMI among young adult men.
STUDY POPULATION AND METHODS

Study participants
The present analyses are based on studies of obesity, initiated in the early 1970s, [20] [21] [22] [23] in the population of Danish young men examined at the draft boards since 1943. They were required to appear before the board at age 18 years or shortly thereafter. Approximately 3% did not appear due to chronic diseases and disease sequelae, handicaps or mental retardation that required institutionalization. 21 Obesity was not a condition allowing 1 exemption from the examination. 21 Another 2% did not appear as they volunteered for service before the age of 18 years.
Among 362200 Danish men examined at the boards in the metropolitan area of Copenhagen (District 1) from 1943 through 1977 and the remainder of the Eastern part of Denmark (District 2) from 1964 through 1977, all obese men (n ¼ 1930) and a randomly selected control cohort of 1 in every 100 men (n ¼ 3601) were manually identified at the mean age of 20 years during the 1970s. Obesity was defined as 35% overweight relative to a Scandinavian standard in use at the time of sampling, and this threshold has proved to correspond to a BMIX31.0 kg m À 2 , which is above the 99th percentile of BMI in this population. To keep the focus on men entering adult life as obese, only men between 18 through 25 years of age at draft board examination were included in the present study (n ¼ 191 were excluded, Figure 1) .
A re-examination was undertaken in collaboration with the Copenhagen City Heart Study in 1982-84, that is between 4 and 40 years after the draft board examination. 24 All of the obese and, for logistic reasons, half of the controls were invited at the mean age of 35 years (range: 22-65 years). Hence, these two surveys will be referred to as S-20 and S-35, respectively (Figure 1 ).
Exposure
The medical personnel at the Danish draft board service measured the men's height without shoes and weight with only underwear. Trained staff from the Copenhagen City Heart Study measured the men's weight and height in S-35. 24 Individuals with implausible BMI values at either S-20 or S-35 due to potential measurement or recording errors were excluded (n ¼ 12 for the obese, and n ¼ 13 for the controls).
The exposure was defined as the change in BMI between S-20 and S-35. Owing to the broad time range between the two examinations BMI change was computed as the difference in BMI per year between S-20 and S-35. We defined BMI loss as o À 0.1 kg m À 2 per year, BMI stability as changes within ±0.1 kg m À 2 per year and BMI gain as 40.1 kg m À 2 per year. These categories will be referred to as weight loss, weight stability and weight gain, respectively.
Covariates
All covariates were considered a priori. In the first set of analyses BMI S-20 (kg m À 2 ), age S-35 (years) and draft board district (defined as: District 1 with the examination periods split into 1943-1953, 1954-1963 and 1964-1977 , and District 2 with the examination period 1964-1977) were included. In a second step potential confounders measured at S-35 were included; smoking: never smoker, former smoker, moderate smoker (1-14 cigarettes per day), heavy smoker (414 cigarettes per day)); alcohol: non-drinker, moderate drinker (1-14 units per week), heavy drinker (414 units per week); education: o8 years, 8-10 years, 410 years; physical activity in leisure time including active transport to and from work: inactive or light physical activity for o2 h per week, light physical activity for 2-4 h per week, light physical exercise for 44 h per week or more vigorous activity for 2-4 h per week, highly vigorous physical activity for 44 h per week, and physical activity at work: mainly sitting, mainly sitting and standing but occasionally walking, mainly walking and occasionally lifting, heavy manual work. In a third step potential mediating factors measured at S-35 was further included for the subgroups with this information (n ¼ 882 among the obese and n ¼ 1050 among the controls): low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, glucose, systolic blood pressure, and self-reported diabetes.
Follow-up and outcome events All Danish residents alive on 2 April 1968 or born thereafter have been assigned a unique identification number in the Civil Registration System, which contain information on vital status. 25 Information on causes of death was obtained by linkage to the National Cause of Death Register, which was established on 1 January 1970. 26 In addition to the main cause of death, this register contains information of the diseases present at time of death. The follow-up of the men began at date of re-examination (S-35) and ended at the date of death, loss to follow-up, emigration or 19 June 2011 for the analyses of all-cause mortality or on 31 December 2006 for the cause-of-death analyses. Owing to the limited numbers of cause-specific deaths, these results are presented as Supplementary Material.
Statistical analysis
All analyses were performed using Cox proportional hazards regression, using time since re-examination as the underlying time axis and delayed entry according to the date of examination at S-35. The effect estimates are presented as hazard ratios (HR) with 95% confidence intervals (CI). We compared the weight-stable obese group with the weight-stable controls in relation to mortality. All analyses of weight loss and weight gain were performed for the obese and control cohorts separately (when mortality risk differs between the weight-stable obese and the weight-stable controls, the instantaneous risk associated with weight loss or gain would depend on the proportion of the two groups). As very few controls lost weight between the two examinations (n ¼ 19), only the association between weight gain and mortality was investigated in this cohort. No interactions between initial BMI and weight gain or loss in their association with mortality were found in any of the cohorts (all P40.22).
To investigate whether the hazard of mortality changed across time, we plotted the second step confounder-adjusted cumulative hazards at corresponding follow-up times for the obese weight-stable group versus the control weight-stable group, the obese weight-losing group versus the obese weight-stable group, the obese weight-gaining group versus the obese weight-stable group, and the control weight-gaining group versus the control weight-stable group, respectively. In these double NelsonAalen plots 27 the slope of the curve is equal to the HR at a given follow-up time.
Furthermore, the association between BMI at S-35 and mortality among those weight stable was investigated throughout the broad BMI range using a restricted cubic spline with three knots located at the 10th, 50th and 90th percentile and with the cut point of BMI of 31.0 kg m À 2 between the obese and control groups at S-20 as reference point. 28, 29 The association between weight change and mortality was also investigated using restricted cubic splines with three knots located at the 10th, 50th and 90th percentile and with a reference point for weight change of zero. 28, 29 To complement the graphical presentations, the effect estimates were computed using linear splines with the same reference points as in the restricted cubic splines, and presented per BMI unit and per change in 0.1 BMI unit per year, respectively. The linearity of the continuous 1 Men who had died, could not be identified or had moved out of the region were not invited to participate in the surveys. Figure 1 . Participation flow chart from draft board examination to re-examination.
Weight change in young adults and mortality E Zimmermann et al covariates was tested against a restricted cubic spline with three knots, 28 and included as splines if non-linear associations were detected.
Weight change occurring over a short time period may be more strongly associated with mortality than a weight change occurring over a longer time period. Therefore, we investigated the potential modifying effect of the time interval between the two examinations on the association between weight change and mortality. The time between S-20 and S-35 was divided into four groups with equal number of deaths. Statistical interaction was assessed by deviance tests based on comparisons of À 2 log likelihood in nested models with and without cross-product terms.
All analyses were repeated after excluding men aged 45 years or above at S-35, to investigate the association between weight change and mortality in the first part of adult life. Further, we excluded individuals with a diagnosis of cancer, diabetes, ischaemic heart disease or respiratory disease at S-35 ascertained from the National Hospital Discharge Register, established on 1 January 1977. 30 This register contains complete hospital discharge history for every individual. Individuals with self-reported diabetes or self-reported users of heart medication at the second examination were also excluded. Moreover, the analyses were repeated using the raw change in BMI as exposure defined as: BMI decrease
), BMI stability (within ±1 kg m À 2 ) and BMI increase (41 kg m À 2 ) using the BMI stable group as reference and in addition to the above-mentioned covariates also adjusted for time between S-20 and S-35. Finally, mortality analyses were performed comparing those invited to re-examination, but who did not attend versus those who were invited and attended. The start of follow-up time for those who were invited, but did not attend, was set to be the first potential date of re-examination.
For every Cox model the proportional hazard assumption was evaluated via the double Nelson-Aalen plots as well as with a log-rank test based on Schoenfeld residuals. 31 No violations were detected. All analyses were performed using Stata version 9.2 (Stata Corporation, College Station, TX, USA).
RESULTS
Overall 908 obese men and 1073 controls participated in both S-20 and S-35 and had complete covariate data. During up to 30 years of follow-up, 220 and 232 died, respectively.
In Table 1 the characteristics of the two cohorts are presented, and it is seen that the obese men generally were younger than the controls, reflecting the increasing prevalence of obesity in more recent time. 20 Furthermore, the obese were more likely to abstain from alcohol, more physically inactive in leisure time, more often heavy manual workers and less well educated than the controls. The variation in weight change per year was large in both directions among the obese, whereas the majority of the controls had a positive weight gain per year (Figure 2 ). Finally, a descriptive overview of the data is given in Supplementary (Figure 3a) , whereas inclusion of the potential mediating factors attenuated the association slightly (HR: 1.91; 95% CI: 1.19-3.08).
Among the obese there was no association between weight loss and mortality compared with the weight-stable obese (Figure 3b ). In the crude analysis a HR of 0.99 (95% CI: 0.68- We found no associations with cause-specific deaths (Supplementary Table 2 ). Regarding weight gain we found a HR of 1.50 (95% CI: 1.07-2.10) in the first-step analysis, a HR of 1.49 (1.06-2.10) in the confounder-adjusted analysis (Figure 3c) , and a HR of 1.50 (95% CI: 1.06-2.13) when further adjusting for the potential mediators compared with the weight-stable obese. Weight gain was also associated with an increased risk of circulatory diseases and endocrine diseases, particularly diabetes (Supplementary Table 2) .
Among the controls a weight gain was associated with a HR of 1.54 (95% CI: 1.14-2.09) in the first step analysis compared with the weight-stable controls (Figure 3d ). This association was somewhat attenuated when the confounders from S-35 plus the potential mediating factors also were taken into account, illustrated by HRs of 1.42 (95% CI: 1.04-1.94) and 1.46 (95% CI: 1.05-2.04), respectively. Weight gain was also associated with a significantly increased risk of circulatory diseases compared with the weight-stable controls (Supplementary Table 2 ).
Weight change as a continuous variable When mortality in the weight-stable men was investigated throughout the broad range of BMI, a HR of 1.08 (95% CI: 1.04-1.12) and 1.07 (95% CI: 1.03-1.11) per increase of one BMI unit was found in the crude and confounder-adjusted analyses, respectively (Figure 4) .
Among the obese, 418 men lost weight (p0 kg m À 2 per year) and 490 gained weight (40 kg m À 2 per year). As illustrated in Analyses of interactions, sensitivity and drop-outs We found no evidence of effect modification by time between the two examinations on the association between weight change and mortality, neither in the obese cohort nor the control cohort (all P40.43).
When we excluded men with cancer, diabetes, ischaemic heart disease or respiratory disease at S-35 (n ¼ 48 among the obese, and n ¼ 26 among the controls) the results were similar for weight loss and mortality in the obese group, HR: 0.94 (95% CI: 0.63-1.42). The results for weight gain and mortality was slightly attenuated in both the obese and control groups, with HRs of 1.43 (95% CI: 1.00-2.05) and 1.37 (95% CI: 1.00-1.89), respectively, in the second-step confounder-adjusted models.
When men aged X45 years at re-examination were excluded (n ¼ 46 in the obese cohort and n ¼ 239 in the control cohort) essentially the same results were obtained. Also, the results were Figure 3 . Cumulative hazard plots of mortality at corresponding follow-up times of up to 30 years. To investigate whether the hazard ratios changed during follow-up, we created graphs of the cumulative hazard for (a) the obese weight-stable group versus the control weight-stable group, (b) the obese weight-losing group versus the obese weight-stable group, (c) the obese weight-gaining group versus the obese weight-stable group, (d) the control weightgaining group versus the control weight-stable group at corresponding follow-up times of up to 30 years. The plots are adjusted for initial BMI (except a), draft board district, age at re-examination, alcohol intake, smoking habits, education and physical activity in both leisure time and at work. For every event-time point the cumulative hazard in the group on the y axis is plotted against the cumulative hazard in the reference group on the x axis, and the slope of the curve equals the hazard ratio at a given follow-up time. The arrows denote corresponding follow-up times in the two groups. The black, broken line is the line of equality. The interpretation of the grey lines are that there is (a) excess mortality in the obese weight-stable group compared with the control weight-stable group, (b) no excess mortality in the obese weightlosing group compared with the obese weight-stable group, (c) excess mortality in the obese weight-gaining group compared with the obese weight-stable group and (d) excess mortality in the control weight-gaining group compared with the control weightstable group. As all the plots follow the respective grey lines quite nicely throughout the follow-up period the assumption of proportionality in the Cox models are fulfilled. Weight stability was defined as change within ± 0.1 kg m À 2 per year between the two examinations. The HR are estimated by Cox regression including BMI at S-35 as a restricted cubic spline with three knots located at the 10th, 50th and 90th percentile and truncated to depict the inner 98% of BMI distribution. The reference point is BMI ¼ 31 kg m À 2 . The association is adjusted for: draft board district, age, alcohol intake, smoking habits, education and physical activity in both leisure time and at work. The dotted lines are the 95% CI. Test of nonlinearity P ¼ 0.86; test of effect P ¼ 0.002 in the fully adjusted model.
essentially the same when change in BMI was used as exposure variable instead of annual change in BMI.
The obese who were invited to the re-examination, but did not participate (n ¼ 672) had a HR of mortality of 1.70 (95% CI: 1.40-2.08) when adjusted for draft board district and age at S-35 compared with the invited, participating obese. Similarly, among the controls a HR of 2.19 (95% CI: 1.74-2.75) was seen when adjusted for draft board district and age at S-35 compared with the invited participating controls.
DISCUSSION
Overall, there was no association between weight loss and mortality in the young men who entered adult life as obese when initial BMI was taken into account. Weight gain, however, was associated with increased mortality throughout the broad range of BMI in young adult men.
The major strengths of this study are the unrestricted selection from the general population at S-20, the prospective design, the complete long-term follow-up, and the collection of detailed information on possible confounders at S-35. A further advantage is the study design with sufficient numbers in the high end of the BMI distribution, which provide reliable estimates for weight change and mortality for this part of the distribution. As expected, the majority of the controls gained weight between the two examinations, and we were not able to investigate the association between weight loss and mortality in the lower part of the BMI distribution. The participation rate for S-35 ranged between 58 and 75% (Figure 2) , and non-participation has been shown to be associated with overweight status, age as well as social status. 32 Further, as those who dropped out had a higher mortality than those who attended both examinations, it could have biased our results towards the null if the men who dropped out between the two examinations were more likely to lose or gain weight, respectively, than the participants. It has been argued that it is important to distinguish between intentional and unintentional weight loss in order to exclude confounding from underlying diseases in the weight loss mortality association. [33] [34] [35] We did not have this information, and we are in doubt whether such a distinction can exclude disease confounding, as a successful intentional weight loss can be due to intention, to a disease inducing weight loss or to changes in the causes of obesity. 36 Similarly, an unintentional weight loss may be due to changes in the causes of obesity as well as underlying disease. 36 Hence, our exclusion of individuals with cancer, diabetes, ischaemic heart disease or respiratory disease may be a more valid way to reduce the influence from disease. We have little suspicion of bias from underlying disease on the weight loss results in this study, as exclusion of diseased individuals did not change the results. Moreover, the participants were young (18-25 years) at S-20, and the results were essentially the same when individuals aged 45 years or above at S-35 were excluded. Even though the time range between the two examinations varied from 4 to 40 years, we found no evidence of effect modification on the associations between weight change and mortality. Moreover, the double Nelson-Aalen plots in Figure 3 showed no evidence, that is no increased slope, of a particularly high risk within the first years of follow-up.
We found that weight gain was associated with increased mortality both in the obese and control cohorts. However, the association was somewhat attenuated among the controls, when the potential confounders at S-35 were taken into account. Further, when assessing weight gain as a continuous covariate the association with mortality was no longer statistically significant among the controls, though the effect estimate still was increased. Other studies on young adults have showed a positive association between weight gain and mortality, [7] [8] [9] but two studies found no association between weight gain and mortality. 10, 11 However, one study was limited by low power, 10 and the other used men in the lowest quintile of BMI change as reference, that is mainly those who decreased their BMI, which might have masked an association. 11 What our study adds to the current knowledge is that weight gain in men who entered adult life as obese is strongly associated with further increased mortality.
Overweight and obesity are both associated with insulin resistance, raised blood pressure and adverse blood lipid profiles, 4 which provides a biological basis for our findings as these factors may result in greater risk of type 2 diabetes and cardiovascular diseases 37 as well as different types of cancer. 38 This is also reflected in the fact that we find increased risk estimates for these disease categories among those who gain weight. Adjusting for the potential mediating factors such as cholesterol and glucose attenuated the association with mortality for the weight-stable obese compared with the weight-stable controls. However, within the obese and control cohorts adjustment for the mediators did not influence the associations between weight gain and mortality notably. We speculate that the varying time range of 4-40 years between the two examinations as well as weight fluctuations during this period may, at least partly, explain the absence of mediating effects.
At least some of the major adverse effects of obesity seem reversible, as studies have showed that weight loss had beneficial effects on blood pressure, lipoproteins and insulin sensitivity. [13] [14] [15] However, we found no association between weight loss and mortality when comparing individuals with the same initial BMI in the obese cohort. This is in line with the results from middle-aged populations showing no association between weight loss and mortality among healthy obese individuals. 17 Our finding could, however, be the result of a mix of the beneficial effect of losing harmful abdominal and ectopic fat depots and the detrimental effect of losing beneficial peripheral subcutaneous fat mass and lean body mass. 18, 19 Furthermore, it is possible that those individuals who lost weight, regained weight afterwards, which also would lead to a mix of effects leading to a null finding.
From a public health point of view our null finding for weight loss and mortality in young obese men is important, as weight loss may improve other factors. A study from Finland showed that the risk of cardiovascular risk factors in overweight or obese children . HR and 95% CIs of the association between changes in BMI and all-cause mortality after S-35, adjusted for initial BMI, in the obese cohort. The HR are estimated by Cox regression including change in BMI as a restricted cubic spline with three knots located at the 10th, 50th and 90th percentile and truncated to depict the inner 98% of the change in BMI distribution. The reference point is zero change in BMI. The association is adjusted for: draft board district, time between the two examinations, initial BMI, alcohol intake, smoking habits, education and physical activity in both leisure time and at work. The dotted lines are the 95% CI. Test of nonlinearity P ¼ 0.007; Test of effect Po0.0001 in the fully adjusted model.
who became non-obese by adulthood was similar to those among persons who were never obese. 39 Moreover, it has been shown that weight loss among obese children and adolescents may improve their physical and social functioning, though the evidence is still sparse. 40 Further investigations of the relations between health status, including risk factor profile, after weight change in young adults and the long-term effects on both morbidity and mortality are needed.
In conclusion, we found no association between long-term weight loss and mortality in obese young adult men, whereas a weight gain was associated with an increased mortality throughout the broad range of BMI in young adult men.
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